Tuzlaci (1987) Dahlgren & al. (1985) Watson (1987) Perry ( The seven genera were considered as units of study (EU's, Evolutionary Units, fide Estabrook, 1977) , but the assumption of the genera being monophyletic emerged as a fundamental problem of the traditional generic delimitation, particularly with regard to Aloe and Haworthia.
Data employed. -The sources of the data used in the cladistic analysis are listed in Table 1 All characters of a taxon are potentially valuable for inferring evolutionary trends. However, only some of them are strong enough indicators of evolutionary directionality to be useful for cladistic analysis. For the present study the 16 characters listed in Table 2 were used, i.e., all those for which we could confidently assign primitive and advanced states. Anatomical characters have been excluded, despite their potential value as supporting evidence for the monophyly of the Alooideae and the distinction between the latter and Kniphofia. Leaf surface sculpturing and bundle sheath types are particularly important in this regard (Dr. D. F Cutler, personal communication), but the inclusion of these characters should be based on a more rigorous comparison of all genera. The basic data matrix is shown in Table 3 .
Polarization of character states. -The selection of operational criteria by which to assign primitive (plesiomorphic) and advanced (apomorphic) conditions to character states is one of the most difficult, but critical steps in inferring a phylogeny (cf. Cronquist, 1987) . Due to the absence of fossils in the Alooideae and the relatively uniform, bimodal karyotype of its members (x = 7; one long submetacentric, three long acrocentrics and three short acrocentrics; cf. Brandham & Johnson, 1977; and Brandham, 1983 ), the branching pattern of evolution in this group was inferred by evaluating character states in extant taxa for their evolutionary significance. Character state polarization was achieved by reference to a chosen outgroup taxon (Maddison & al., 1984) -in this case the genus Kniphofia. Monophyly of Kniphofia and the genera Table 2 ) and the fusion of the perianth (character 8; Table 2 ).
Cladistic method used. -The basic methodology we have followed is that of cladistic or phylogenetic analysis as described by Humphries & Funk (1984) and Linder (1988) . The above data matrix (Table 3) was analysed using the "Hennig86" software package, which is a method for inferring phylogenies under the principle of maximum parsimony.
Results and discussion
The 16 characters and their states (Table 2 ) used in the basic data matrix (Table 3) are listed and discussed below. In the present analysis of relationships amongst the genera of Alooideae, an attempt is made to combine all available information amenable to phylogenetic interpretation. These data are expressed as a cladogram (Fig. 2) . Using the "ie" option of "Hennig86" the data lead to a single, robust cladogram with a consistency index value of 88 and a length of 18 character state changes. Brandham (1983) and propose that in the Alooideae as a whole, both small, highly succulent taxa and arborescent forms were derived from a mesophytic, comparatively acaulescent taxon. Kamstra (unpubl.) also argues that the ancestor of Aloe was a small plant, probably some 150 mm high. This assumption is firstly based on the fact that other genera of the subfamily Alooideae contain species of relatively small stature, for example, Astroloba, Chortolirion and Haworthia. Secondly, this is also the case for members of the closely related subfamily Asphodeloideae (tribe Asphodeleae sensu Hutchinson, 1959 ) which have achieved a relatively wide Gondwana distribution, for example Bulbine Wolf which also occurs in Australia (Watson, 1987) and Bulbinella Kunth with an African-New Zealandian distribution (Watson, 1986a (Watson, , b, 1987 Perry, 1987 Perry, , 1990 ).
In Kniphofia one or two species, such as K. northiae Baker, could develop an aerial stem rarely more than 0.5 m long (Roux, 1985) . However, the large majority of Kniphofia species are acaulescent (Codd, 1968) . By reference to Kniphofia (the outgroup), Chortolirion, which has a short vertical axis oearing slightly fleshy leaf bases, is scored as primitive (a reversal). The variable Aloe also has a few bulbous species, for example A. buettnerri A. Berger (Jankowitz, 1975) (Obermeyer, 1976) . It is noteworthy that the tree or shrub habit has also evolved independently in other monocotyledonous taxa, such as Yucca L. in the Agavaceae (Dahlgren & Clifford, 1982) .
While it might be expected that secondary thickening will be linked to plant habit, these characters are not perfectly correlated in the subfamily Alooideae. Thus, Coetzee & Van der Schijff (1969) have shown that geophytic asphodelaceous taxa, such as Chortolirion stenophyllum (Baker) A. Berger, Bulbine coetzeei Oberm. and Trachyandra saltii (Baker) Oberm., all exhibit secondary thickening which is, however, much less pronounced in these taxa than in the well-known arborescent taxa, for example in Aloe (G. W. Reynolds, 1950b; Cutter, 1971; Esau, 1977; Jankowitz, 1985; Rebelo & al., 1989) . Secondary thickening also occurs in Kniphofia (Dahlgren & al., 1985) . As in the case of the development of the arborescent habit, the faculty of secondary thickening probably evolved independently a number of times in several distinct monocotyledonous families, such as Asphodelaceae (Dahlgren & Rasmussen, 1983) , Iridaceae (Rudall, 1984 (Rudall, , 1989 Manning & al., 1990 ) and Dracaenaceae (Dahlgren & al., 1985.) . Its distribution in the Alooideae is insufficiently known to allow this character to be used as a generic synapomorphy. (Codd, 1968; Baijnath, 1980) . In contrast, leaf cross-sections of most species of Alooideae are crescent-shaped or cymbiform. The latter outline is considered to be a consequence of the development of leaves with a succulent consistency (see 3, above). The crescent-shaped/cymbiform outline is an obvious adaptation to aridity and represents a synapomorphy for all taxa of Alooideae.
Many species of Alooideae display abaxially on the leaves a usually incomplete, oblique margin-like keel (Van Jaarsveld, 1989), also called a "marginate apex" by Roberts Reinecke (1965). This character is common in Astroloba, Gasteria and Poellnitzia, less frequent in Haworthia, rarely encountered in Aloe (A. variegata L. being a notable exception) and absent in Chortolirion. This process is not considered to be homologous with the V-shaped keel in Kniphofia. As in the case of leaf tuberculation the often very sharp keel is considered to have evolved in response to herbivory.
6. Inflorescence compaction. -In species of Alooideae and Kniphofia the inflorescence is a many-flowered spike or a simple or branched raceme. In the Alooideae the inflorescence appears to be axillary but is actually apical (Berger, 1908) . Consequently, the stems are monopodial until an inflorescence is formed, after which it becomes sympodial (Obermeyer, 1976 Although the flowers of both Gasteria and Poellnitzia are also brightly coloured, the racemes of these taxa are not nearly as dense as those of most species of Aloe and Kniphofia. The flowers of species of Astroloba, Chortolirion and Haworthia are usually fairly inconspicuous and laxly dispersed in a wiry raceme. This appears to be an adaptation to a specialized pollination syndrome and is hypothesized to be the apomorphic condition. The perianth (or more correctly perigon) consists of six members arranged in two whorls of three each. These six lobes are united into a short or prominent tube, the union being more marked in some genera, such as Gasteria. However, with the exception of the monotypic genera Chortolirion and Poellnitzia, there is considerable intrageneric variation in the size and shape of the tubular flowers. This variation has been used as the basis of the infrageneric classification of Haworthia (Uitewaal, 1947b; Bayer, 1971) and Gasteria (Van Jaarsveld, 1989). However, in contrast to the variation in floral morphology, Vaikos & al. (1978) (Fig. 1) . At no stage of the development of the flowers or capsules of these taxa are they pendulous. This is hypothesized to be the derived condition which developed in response to a specialised, predominantly entomophilous pollination syndrome.
The floral buds, wilted flowers and capsules of some species of Aloe, notably A. ser. Saponariae, are often borne vertically, but at anthesis the flowers are distinctly pendulous or spreading. The erect capsules which, in the case of most species of Alooideae, are borne on relatively tall inflorescences, suggest an adaptation to wind dispersal of seed (anemochory). This is supported by the fact that the flattish, triangular-elliptical seeds of most species have short (for example Haworthia spp.) or prominent (for example Aloe variegata) papery wings. However, at least at species level in Aloe seed morphology appears to be taxonomically insignificant (Kamstra, 1968) .
The erect (or pendulous) disposition of flowers at anthesis should not be confused with the secund arrangement of the flowers of, for example Aloe marlothii A. Berger, A. secundiflora Engler and Poellnitzia. The latter taxa have their flowers vertically disposed on more or less horizontal inflorescence axes. This appears to be an adaptation to bird pollination, the usually robust, horizontal peduncles acting as perches for avian visitors. Since the flowers are borne upright these visitors gain easy access to the nectar reward. In contrast, the secund flowers of some species of Gasteria, for example G. acinacifolia which has a flat-topped panicle, are always borne pendulously. Nonhovering avian visitors therefore either have to lift the flowers with their culmens or have to bend down to reach the nectar.
11. Perianth symmetry. -In general zygomorphy is rare in the Asphodelaceae, floral symmetry in Kniphofia and most genera of the Alooideae being more or less regular (Rowley, 1967b ; but see Bayer, 1972). The zygomorphic flowers of Chortolirion, Gasteria and Haworthia were derived from this basic type. However, only Chortolirion and Haworthia have representatives with bilabiate flowers. This is a strong synapomorphy for these genera. They are distinguished florally from the other genera of Alooideae in that the tips of the perianth segments are obliquely flared to strongly recurved. It is noteworthy that the flowers of H. subgenus Robustipedunculares Uitew. ex M. Bayer, the basal group within Haworthia, are only weakly zygomorphic.
The flowers of representatives of Gasteria (and to a lesser extent those of Poellnitzia) show distinct trends towards zygomorphy. The three most noticeable features of the flowers of Gasteria are the swollen base of the perianth, the curvature of the terminal portion of the tube and the constriction below the globose gasteriform portion. However, gasterioid flowers are never bilabiate (Fig. 1) .
In the majority of species of Aloe, Kniphofia and Lomatophyllum the perianth tube is cylindrical, campanulate or funnel-shaped. Aloe, however, has a number of species with ventricose (weakly zygomorphic) flowers (cf. Smith (Hardy, 1989) , A. cryptoflora G. Reyn., A. haworthioides Baker (Hardy, 1988) and A. suzannae (Popiel & Ellert, 1982) . In these species fragrance is very strong during the evening, suggesting nocturnal entomophilous pollination (Hardy, 1985 (Hardy, , 1989 ; but see Glass & Foster, 1983) . With reference to the outgroup, Kniphofia, the absence of floral fragrance in the Alooideae is scored as derived. (Brandham, 1969) . This character represents a synapomorphy for all the taxa of Alooideae. A large number of intra-and intergeneric hybrids have been produced in the Alooideae (Rowley, 1982) . This clearly testifies to the close cytogenetical relationship which exists amongst species of the subfamily (Rollins, 1953) .
Based on overall genome size and increased bimodality, Brandham (1983) has shown that, at least in Aloe, there is a gradation from smaller chromosomes in species which have retained a number of plesiomorphic characters (A. tenuior: actinomorphic flowers; weak scandent stems; mesophytic) to larger ones in species with morphological apomorphies (A. peckii Bally & I. Verd.: stemless; extreme xerophyte).
In contrast to the Alooideae, Kniphofia has a basic set of six chromosomes (2n = 12). This represents a sharp discontinuity between the two taxa and suggests a distinct barrier to gene interchange (De Wet, 1960) . With reference to the outgroup, Kniphofia, the basic chromosome set of x = 7 is scored as apomorphic. (Trager, 1984) , free tepals, and lack of nectar production, suggesting that the similarities with Alooideae are non-homologous.
In contrast to the Alooideae, leaf succulence is absent in Kniphofia, the leaf outline in transverse section is V-shaped (not crescent-shaped or cymbiform), and the basic chromosome number is x = 6 (not x = 7). We regard the tubular flowers and fusion of the perianth segments as sufficient evidence to justify the choice of Kniphofia as outgroup for the Alooideae. Kniphofia has been separated from the Alooideae on the basis of, amongst others, differences in the anatomical construction of the leaves (Baijnath, 1980; Dahlgren & al., 1985) . Typically the vascular bundles of taxa of Alooideae sensu Dahlgren & al. (1985) have a well-developed cap of thin-walled parenchyma cells at the phloem pole. These are often referred to as aloin cells. In contrast, Kniphofia has well-defined fibres present in a cap at both the xylem and phloem poles (Beaumont & al., 1985) . The presence of aloin cells varies considerably within and amongst taxa (and sometimes even within a leaf of a single provenance) of the Table 2 . Character states and character polarization for the genera are listed in Table 3 . Genera are labelled with the first four letters of their names (see Table 3 ). (Fig. 2) Aloe and Lomatophyllum are shown as basal to the rest of the subfamily. In contrast, Astroloba, Chortolirion and Haworthia are the most derived genera, with Gasteria and Poellnitzia in an intermediate position. The Alooideae line is defined by four apomorphies, one of which (caulescent habit) has a reversal higher up (Chortolirion). The controversy that has surrounded generic delimitation in the Alooideae is reflected by the lack of autapomorphies for some of the genera upheld in this study. Only Gasteria (three distinct apomorphies), Chortolirion, Lomatophyllum and Poellnitzia (one distinct apomorphy each) are reasonably well defined. However, it is noteworthy that three of these genera, Chor- Fig. 3 . Approximate geographical distribution of the genera Aloe and Lomatophyllum (information for Aloe from G. W. Reynolds, 1950a Reynolds, , 1966 Lavranos, 1969; Holland, 1978; and Wood, 1983 ; and for Lomatophyllum from Jacobsen, 1986). tolirion, Lomatophyllum and Poellnitzia, are notorious for taxonomic confusion. In the past they have been variously combined with and separated from Aloe, Astroloba and Haworthia. Reverting to a Duvalian concept of alooid classification in which only three "supergenera", Aloe, Gasteria and Haworthia, are recognized would be inconsistent with our result. Inclusion of Astroloba and Chortolirion in Haworthia would, however, furnish the genus with at least two apomorphies (characters 11 and 15), and would therefore improve generic delimitations within the subfamily. There is no convincing evidence that Haworthia sensu stricto is monophyletic, and the eventual broadening of the generic concept seems unavoidable. Similarly, the present generic concept of Aloe is open to speculation. Our result highlights a major weakness in the present system -that Aloe and Haworthia may not be monophyletic. Future studies should address this basic problem.
Geographical considerations. -The approximate geographical distributions of Aloe, Astroloba, Chortolirion, Gasteria, Haworthia, Lomatophyllum and Poellnitzia are shown in Fig. 3-7 . Aloe occurs over much of sub-Saharan Africa, ranging from the southern tip of Africa to west and northeast Africa and the Arabian Peninsula. It is also found on Madagascar and Socotra. The distribution of Kniphofia is also mainly palaeotropical (Sudano-Angolan and Namib-Karroo regions of the African subkingdom, Palaeotropical kingdom, sensu Takhtajan, 1969 ) and largely overlaps with that of Aloe, but the genus is absent from Socotra, Namibia and Botswana (Codd, 1968) . The species of Kniphofia seem to favour moist habitats and are found mainly along the mountain ranges. In contrast Aloe is ecologically heterogeneous within its range of distribution and has diversified into almost every possible habitat, ranging from deserts, grassland and savanna to comparatively high-rainfall coastal forest types. In terms of number of species both Aloe and Kniphofia are presently concentrated in southern Africa. The fleshy-fruited Lomatophyllum is restricted to a few of the Mascarene Islands off the south-east coast of Africa.
The distribution patterns of Astroloba, Gasteria and Haworthia are fairly similar. These three genera are endemic to southern Africa and are more or less restricted to the summer-dry, semi-arid coastal regions below the inland escarpment of the subcontinent. Gasteria and Haworthia have outliers in the arid river valleys of Natal, Swaziland and the eastern Transvaal, with a single taxon of Haworthia, H. venosa subsp. tessellata (Haw.) M. Bayer, occurring in the climatically severe central-southern Africa. The distribution of Astroloba is more restricted than those of Gasteria and Haworthia, and it is usually found in slightly more arid environments of the fynbos and succulent karoo biomes of southern Africa. These three genera and Aloe have relatively large numbers of species indigenous and endemic to the arid subtropical transitional thickets of the eastern Cape where they show signs of active speciation (see Court, 1981; Smith & Marx, 1990 ; and references therein).
Of the genera of Alooideae, the monotypic Poellnitzia has the most restricted distribution. This genus is found only in the Robertson and Bonnievale districts of the south-western Cape Province. In contrast, the other monotypic genus, Chortolirion, is widely distributed in the summer-rainfall grasslands of southern Africa. The genus does, however, enter the winter-rainfall region in southern Namibia.
The distribution pattern of the Alooideae suggests three major components: Africa, Madagascar and associated islands, and southern Africa. As shown in Fig. 8 , there is some evidence of vicariance in the phytogeographical history of the subfamily. Two major events are indicated, even though the effects seem to have been partly Similarly, the transfer of Kniphofia to the Alooideae seems premature at this stage, because only an analysis of the family as a whole could demonstrate whether such a transfer is the most parsimonious solution. The broad conceptual approach taken in this study has nevertheless provided some clarity on the infrasubfamilial phylogeny of the Alooideae.
The following key should serve to distinguish amongst Kniphofia (outgroup) and genera of the Alooideae recognized in this study. Fruit a berry ...............................................  Lomatophyllum  2. Fruit a capsule ............................................................................. 
Leaves herbaceous

